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©■ l-Ethyl-S-fluoro-l^-dihydro-^oxo^^l-piperdiinyD-I^S naphtyridine-3-carboxyltc acid. Sesqui hydrate, processes for the 
* preparation thereof and use thereof as antibacterial agents. " o ' 

©Novel 1-ethyl-6-ftuoro-l,4-dihydro-4-'oxo-7-(1- . ; , . \ . 

piperazinyl)-1,8-naphthyridine-3-carboxylic acid sfcsquihy- , , 5 J , * ■ • . ..**«■ 

drate {ATT-2266 sesquihydrate"). _ 

The aforesaid compound can be prepared by heating „ ' . * 

1-ethyl-6-fluoro-1,4-dihydro-4-oXo-7-(1-piperazinyl)-1,8- 0 
naphthydrine-3-carbbxVItc acid at a temperature above 
about 60°C in the presence of water in an amount enough to - 
form the sesquihydrate. - : 

This sesquihydrate is much more stable than the t 
anhydrataand thetrihydrate and is superior to^the an hydrate . 

in the rate^of dissolution and transference Into the body " 
through the intestines. The antibacterial activities in vitro and • 

in vivo of the sesquihydrate are essentially same with those - ... 

of known AT-2266. Thus, it is especially useful as a phar- , • • . . ■ 

maceuttcal compound. 
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" 'The present invention relates to novel l-ethyl-6- 

fluoro-l, 4-dihydro-4-oxo-7-.( 1-piperaziny 1 } -1 ,8-naph thy ri- 
dine-3-carboxylic. acid- sesquihydrate, processes for the 
preparation thereof, a pharmaceutical, composi tion 'con tain irrg 
it and -also its .use. 

l-Ethyl-6-fluoro-l,4-dihydro-4-oxo-7- ( 1-pipera- 
ziny 1 ) -I , 8-naph thy ridin e-3-ca rboxylic acid (this compound is 
sometimes referred to as "AT-2266" hereinafter) is expressed 
by the following structural formula. 



COOH 




•o ' Methods Tor. synthesizing the AT-2266 and. the use- 
fulness -of the AT-2266- as. a chemotherapeu tic a^gen-t were ^ 
already disclosed, in the specification of European Laid- 
Open Patent Publication Number 9425, April 2, 1980, 
Bulletin' Number 80/7. The. European Patent Specification 
generally describes tha-t ^ the AT-22 66 , etc. may exist in the 
form, of a hydrate-, but fails to give any D sp ecifi c descrip- 
tion about trie AT-22 66 hydrate. * ' 

British Lai d-Open * Paten t Publication Number 
2034698 A discloses AT-2266 and its hydrates and acid -addi- 
tion. salts. No specific statement. "is. mada, however, about 
methods- for" producing AT-2266 and its, hydra tes . 

The present inventors have continued to study 
the . physical and chemical properties of the AT-2266 and 
'found, that AT-2266 can exist in the form of a trihydrate as 
well as in anhydrous form. Specifically, they have found 
that contacting of anhydrous AT-2266 (this compound is some- 
times referred to as "anhydrate" hereinafter) with water. 
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at room temperature results in the ready conversion of the 
anhydrate into AT-22 66 • t rihyd ra t e (this compound is some- 
times referred to as " trihydra te" hereinafter) and the 
trihydrate is converted back: ^nto the anhydrous form by 
drying it. Moreover, both the anhydrate and the trihydra'te 
have been found to be unstable to light. 

Hence, in the preparation of. these compounds and 
pharmaceutical preparations, such as tablets, containing 
.these compounds, the operations must be carried out under 
shielding of light with sufficient attention to absorption 
or desorptio o n of water of crystallization. During storage 
and handling, top, these products must be protected from' 
light, heat and/or atmospheric moisture. More, specifically, 
a ,room in which tg° handle the anhydrate mus<t be- kep€ at 
the lowesjt possible humidity, and conversely, a" room in 
which to^handle* the trihydrate must be kept at the lowest 
po-ssible Jtemp era tu re and the h"i<ghes t^ possible humidity. 
Moreover, the.se -rooms should be as dark as. possible, an;d 
preferably darkrooms. Unless all of these, conditions are 
provided, these -compounds or- preparations ■ con tain i'ng these 
compounds- would- change- .^iri^eight'^ and/or turn yellow,, and- 
t hu s w oul d not serve . pvMc t i c a 1 ■ pu r ro s e 3 and ; I os e - 1 he ir;_; 
commercial valu.e. ' '* 0 ' ' « ' 

In -particular, difficulty is encountered in the- 
produc'&ion of ■ pharmaceutical preparations su^h as" tablets 
which contain t*he trihydrate because all of the steps of 
production jnust be carried out/unde^ conditions which do " 

not caUse the loss of its water of crystallization. For 

.-> . . . 

« ■ . 

example, even when the trihydrate is used in prepa.ring 
tablets, its water of crystallisation is lost during 'a* 
drying step usually 0 carried but at 40° - 50°C, "and 
tablets containing only the trihydrate cannot be obtained. 
.The resulting tablets contain either a mixture of the 
anhydrate and the trihydrate or only the anhydrate; 

-. Accordingly, these ■ compounds still have great ' 

defects . 
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The present inventors furthered their studies on 
ttxese Compounds, and finally found that AT-2266-sesqui- 
hydrate is unexpectedly much more stable than the anhydrate 
and the trihydrate. 
5 It has been ascertained by X-ray diffraction 

analysis, IR spectrum, thermal analysis, etc. that tJne° 
AT-2266* sesquihyd rate (this compound may sometimes be 
abbreviated as "sesquihydrate" hereinafter) of the present 
-invention is definitely different from the anhydrate and 

10 the trihydrate. As will be described below in greater 

detail, th.e" AT-22 66 : sesqu ihyd rate is much more stable- to 
heat, changes of humidity, light, etc- than the anhydrate 
and the trihydrate, and is superior to the anhydrate in the 
rate of dissolution and transference into the body through 

15 the intestines. Thus, ..the compound of the invention is 

especially valuable as a pharmaceutical compound. ° 

o 

(1) The compound of the present invention, the 

AT-2266 °sesqO ihydrate , is prepared .as follows: 
^ . It is prepared by heating the AT-2266 at attemper 

20 ature of above about 60°C %n the presence of water in 

an amount sufficient, to form, the o sesqu ihyd ra te . /In the 
case».of; using "the a< t9*ihydra te a's the raw ^material, it can be 
converted into the sesquihydrate by heating it without 
external addition of water so long as the •■heating" is" 

25 effected in a sealed vessel such as a sealed tube. To ° 

. ^ convert the anhydrate into the sesquihydrate , water is 
v. required in .an amcain t of at least 1.5 equivalents per 
equivalent of the anhydrate. • Advantageously/ the- heating 
is carried but in. the presence of "an excess of water 

30 irrespective of which raw material is to be used. * Water 
may be caused to be present in the form of a liquid, 
moisture, wet or'dry steam, or the like. ' , 

Investigations of the present inventors have 
shown that when. heated, the AT-2266 and the AT-2266- tri- 

35 hydrate begin to form, crystals of the AT-2266 - sesqui- 
hydrate at above about 60°C. Accordingly, the sesqui-- 
hydrate is a very -special crystal, and in the production 
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of the sesquihydrate, energy corresponding to a temperature 
of at least about 60°C must be applied to AT-2266 (anhydrate 
or trihydrafce) in the presence of a suitable amount of 
water. Otherwise, the transformation to the sesquihydrate 
5. crystals would not occur. The heating temperature is ' 
at least about 60°C and up to the minimum temperature at 
which AT-2266 is decomposed. Thu s , /there is no particular 
restriction on the upper, limit of the heating temperature , 
but heating to a temperature of more th'an 160"? C is not* 
10 particularly advantageous. Generally, the heating temper- 
ature is about 60 to about 160°C, preferably 61 to about 
• " 130°C, especially preferably about 70 tp about 100°C. 

When the heating temperature is more than 100°C,, the heat- 
ing is° preferably carried out in a closed atmosphere- The 
15 heating time varies greatly depending upon the heating 

temperature and/or t£ie amount of water. Usually, it is : 
°5 minutes to 5 week$. 0 e 

9 Some preferred embodiments of production are . 
given below. * . " . : , ^ ' '.. - 

20 „i ) 0 The anhydrous". A T—22 66- or the AT-2266-tri- 

- . ' m ■ * \ : ^h^g'Fa te : *ls heated at a* temperature "abo ve about 
60 C and 'a; relative humidify, above 30°% to a give 
. the AT-226 6 -sesquihydrate. The rate 9 of conversion intc? 
the sesquihydrate increases* witfci increasing 
25 o relative humidity^ 1 'While the heating period is 

0 variable" according to the humidity, heating * 

temperature,- etc., 'it takes 30 .rainu tes- to 5 ' 
. 0 „• ■•■■•weeks to. complete the .transformation. * Expecial- 

.. • ' ly'when the reacticfn is carried^out w^th heating 

30 in an autoclave in the presence' of moisture, t 

. „ \ tn £ sesquihydrate is prepared,, in shorter 

periods. The resul ting 'p rodu ct is dried ' at a 
temperature below 80°C. for elimination of the 
>° ' adhering water to give the final product. 
35 ii) . The anhydrous AT-2266 or * the trihydrat'e is 

suspended in water kept at a temperature above 
about 60°C and is sufficiently contacted with 
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water to give the sesquihydrate, too. The 
heating period, depending on the temperature, 
is usually 10 minutes to 5 hours. The reaction 
is preferably carried out with stirring to' 
5 accelerate the transformation. The resulting 

crystals are separated from the solvent and 
dried in the same way as described above to 
* give tfie final product.- ^ '. ■ . 

iii) The anhydrous AT-2266 or the trihydrate is . 

10 . dissolved in an aqueous alkaline solution or 

acidic -solution, an£ the solution is neutralized 
with an acid or alkali on heating at a- tempera- 
ture above about 60°C to give the sesquihydrate 
as < &rystals. It is preferable to keep the 
15 * suspension heating for a' while after neutraliza- 

tion. The resulting product is separated from . 

! , the solvent and dried at a temperature below 

0 o ■" * 

\ . m 80 C to give the final product. Alternatively, 

, a salt of the AT-22 66 ( s^^^^al^t , ; .. hydro-** v " 
20 chloride j -acetate , me thanes^l f pria te? .etc. )' ; . . 0 

■ •• prepared "separately may be us.ed- as the;.- star ting 
material. In this, case the salt is dissolved 
• * o ' * in water, and the solution is 1 kept at a temper- 

o ature above about 60°C and neutralized with' 

■■ ■ {3-5, ; - ' . an acid or alkali in the same way as described 
. ° ■ °. ' aboye to give the sesquihydrate. * 

\ ■; The smarting materials .used in the above, methods ■- . 

except the salt may be a mixture of the anhydrous form and 
the trihydra-te or the trihydrate with adhering water. 0 
'30 The -sesquihydrate is prepared as mentioned above, 

and theoretically the mechanism of formation of the sesqui- 
hydrate will be understood from the water solubility curves 
shown in Fig. 1. The solubility of the AT-22 66 ■ sesqu i- 
hydrate in water is less than that of the trihydrate at a 
. 35 temperature above about 60°C, but at a temperature below 

about 60°C it is reversed. Therefore, the sesquihydrate is 
always separated as crystals as far as the .crystallization 
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is carried out under conditions in which the solubility of 
the AT-22 66- sesquihyd ra te in water is less than that of the 
trihydrate even if any form of the compounds is dissolved 
in. On the contrary as far as the crystallization is 
5 Carried out under conditions in which the solubility of* the 
. AT-2266 4 * trihydrate is less than that of the sesquihyd ra te , 
• the trihydrate is always separated as crystals, and the 
sesquihydrate is never produced. 
, (2) The physical properties of the sesquihydrate are 

10 described below in comparison with those of. the trihydrate 
and the anhydrate. 





AT-2266 


Q 

m.p. 


sesquihydrate 
220 - 224°C . 


anhydrate 
220 - 224°C 


trihydrate. 
220 - 224°C 


elemental 
analysis 


corresponding to 
C 15 H l7 N 4 0 3 F 

- -i.5H 2 q 


corresponding to 
C 15 H 17 N 4 0 3 F 


corresponding to 
C 15 H 17^°3 F 


SDectrum 
(KBr) , 


shown* in - 
°Fig. 2 


o . shown in 
Fig. 3 . : 


shown in 
c , Fig. 4* 


"thermal.*" 
analysis 


shown in 
Fig. 5 ' 


. shown in" • 
Fig. 6 ••••*?. 


shown ^in 


. X-ray • o 
diffraction 


shown in 
Tafele 1 


shown in 
. Tabie„2 


— : 

shown in 
Table 3 



Experimental conditions of thermal analysis:' 



15 



Sample weight 

' " c ■ 

Heating rate" * 
Atmosphere 
Standard substance 



ll e .70 mg (sesquihydrate) 

9.80 *mg (anhydrate). 
10.81 mg (trihydrate) 
5°C/min. . 
in the air * 
•a-Al 2 0 3 • ■ • 
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Table 1 

^•ray powder diffraction of the AT-2266 • sesqu i'hyd rate 



26 


I/Io 


20 


I/Io 


7-9 


■ 1.00 


0 20.9 


0 - 28 


10. 3 


0 . 20 


21 . 3 


0 . 09 


11 1 


0 . 13 


22- 5 


0. 07 


ii.6 


0.09 


23.7 


0.13 


* 13.0 * 


0.26 


24.2 


0.24 


13 . 5 


0.40 


. 25.6 


0.74 




0.55 


2§.4 . 


ol 07 


17.6* 


. * 0.06 • 


27.3 


0:12 


19.3 


0.26 


o '29*. 9 


• 0 . 1,2. 1 



Experimental conditions: 

Cu(Ka, X = 1.5405 V A) : Ni f — - ■* 
* Electric power source: 15 KV, 20 mA " 



: - ' 5 Table' 2 . rJ * . "■ . 

X-ray ' powder diffraction of the anhydrous, AT-2266 



'28, 


I/Io 


.26 


■■■ V 

■ I/Io • •' 


10.1 


0.1O 


22.4 


6-25 


11. 1 


0.62 


. 23.3, 


0.28" 


14.7 


1.00 


24.4 


0-87-- ' 


17-2 


0.30: 


26.1 


0.28 


■ 19.8 


0.30 


27 • 3- * 


0.08' 


2Q.4 


0.21 


28.6 


0.10 ■ 


21.4 


0.13 


29-3 


0.08 3 

"a . t 


0 

• ' 21. 9. 


0.13 


J ■ <3 


. -£ 



E-xperi mental, conditions : : same as in Table 1 
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Table 3 



X-ray powder 


di f fraction 


of the AT- 


2266* trihydrate 




T / Tn 


Li. d 


T/T/n 


io ;i 


1.00 


24.1 


• 

0.47" 


12.9 


0.14 


24. 6 


0.17 


15.7 


0.17 


25.1 


0.40 


18.4: 


0.09 


26.3 


0.. 24 . 




U . 1 J 


27 • 4- 


0.12* 


19-7 


0.15 


28. 0 


0-12 


20.7 


0.12 


28. 5 


0.15 


22. 1 


0.*05 


29-1 


0.08 


22.7 


0. 07 


29- 5 


0.10 


Experimental 


conditions : 


•same as 


in' Table 1 



As the result of thermal analysis of each 

.powdered compound, th'e differential thermal analysis 

diagram of the anhydrate shows a single endothermic peak 
9 o 

at 224 C (melting with decomposi tidn } . The differential ' 
thermal analysis diagram of the trihydra-tea shows ^wo 
endothermic peaks at 47°C -' 86°C (lower temperature side 
peak) and at the same temperature as *that .of the anhydrate. 
{higher temperature side peak) and the thermal change at ■ 
the lower temperature accompanies the release of its water 
crystallization and at that temperature the thermo gravi- 
metric diagram gives a decrease, of weight corresponding too*" 
three mols water (-14^.4%). The differential thermal " 
analysis diagram of the sesquihydrate shows two endothermic 
peaks at 90° C - 115°C ( lower . tempera ture side peak) and 

at o the same temperature as that of the anhydride {higher 

■ » ° 

temperature side peak) and, the thermal* change at the lower 

temperature accompanies the release of water of crystalliza- 
tion and at that tempe ra ture * the .thermal diagram gives a 
decrease of weight corresponding to. 1.5 mols water (-7-8%). 
Some of these results are .shown in Figs. 5, 6 and °7. 
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As shown in X-ray powder diffraction spectrum 

0 

(Tables 1, 2 and 3), characteristic peaks of the sesqui- 
hydrate are 7-9°, and 25.6° at 28, those of the anhydrate' 
are 11. 1°, 14.7° and 24.4° at 28, and that of the tri- 
5 hydrate is 10.1 at 28. Judging from thei c r spectrum, 

these compounds are recognized * to have clearly different 
crystal structures from each other. * - , 

• . . As shown in the above data,, the compound of the. 

, present invention , the sesquihydra te is sot an amorphous 
10 form of hydrate and further it is undoubtly different from 
the trihydrate as well as from the anhydrate. From the 
results of phe thermal analysis, etc.,- moreover, it is 
also found, that the* sesqu ihydrate is neither an intermediate 
of the transition from the anhydrate to the trihydrate nor. 
15. from the trihydrate to the anhydrate. 

(3) The stability of the AT-22 66 -sesqu ihydrate is 

' 3 explained below. 

i) - Effect- of light ■ ° * ♦ 

0 The- colouring degree (colour difference AE (L, a, 

'20 * b ) ) ' of. the. each powder exposed to light of a fluorescent 



lamp was measured, agingly 
•following Tables.*, 



The results are shown in .the 



Tat>le 4 





30min 


2hrs 


3hrs 


7hrs 


l.lhrs 


28hrs 


sesqu ihyd rate 


1.0 


2.3 


3.0 


4.3 


5.2 


8 .V 


anhydrate 


8.7 


13.7 ° 


15-4 


18 


19-^ " . 




trihydrate 


3-0 




7-6 


11.1 


13.. 6 


19.2". 

0 . 



.Experimental conditions: - - 

7 Light; 5,000 lu x C fluorescent light:- FL-IOW.,** 
Toshiba) . Hunter's colour' differences AE (L, 
accepted by National Bureau of Standa'rd were 
measured by a colour d if f eneaces-photometer 
■ (Digital colour computer CD-SCH-1: Suga test 
machine) 



-bj 
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The tests were carried out with the tablets 
prepared by Example A and Reference Example 1 in- the same 
way and under the same conditions as above. • The. results 
are shown in the following Table. 



Table 5 





Ih r . 


5hrs 


a 10hrs 


20hrs . 


•40hrs 


sesquihydrate- tablet 


1.0 






8.0 


12.5 ' 


an hydrate- tablet 


10.3 


16.2. 


19 -2 


23.0 


27-2 



As shown in the above test results the sesqui- * 
hydrate is extremely superior to the anhydrate and the 
trihydrate in respect of the stability to light, 
ii) Effect of heat * 

Each compound (lg; net weight) was put°in.a dryi 
chamber keeping at 70, 50 or 40°C, and the weight of the 
samples was measured agingly. The results are shown in 
the following Tables 6, - 7 and 8. 

' Table 6 tat 70°C) 





lhr 


3hr s 


7hrs 


sesquihydrate 


0.5% 


1.3 


1-9 


trihydrate 


14 


14 


14 


anhydrate * 


0 


. 0 


0 



* ^ Table 7 (at 50°C) 





2hrs 


6hrs 


lOhrs 


sesqu ihydra te . 


"0% 


• 0 . 


0 


trihydrate 


13 


14 


14 


anhydra te 


0 


• 0 


0 
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Table 8 (at kO°C) 





2hrs 


9hrs 


26hrs 


50h rs 


sesqu ihyd ra te 


0% 


0 


0 


0 


trihydra te 


1. 6 


2.5 


8.8 


14.5 


anhydrate 


0 


0 


0 


0 . 



The numerical figured in the above Tables show a. 
decrease of weight in percentage from the' starting weight. 
As shown'in the test results above.it is; found that the 
* 5 trihydrate decreases its weight, equivalent to three molecules 

of water of crystallization iira short time, whereas the 
..^ . s sesquihydrate does not show any * change • o f weight. There-- - 
„ fore, the ' sesquihy d : ra te is relatively-stable to heat as * 

well as the anhydrate. ' 0 

10 iii) Effect of humidity ' ° . : 

' - » ^Each crystal was left in desiccators adjusted to 

' \, ' '. ' the des.ired.--huroi.di ties by saturated -solution of electro- 

Mytes* a^;^0— C^rThe change's of 'weight were measured - . . v 

. , c agingl^. . •• - " £ ^ -3* . "° 

:v' -15' Jhe-, results are.- shown £n Table 9 on -the sesgui- 

' "" ■'- J \' hyulFatJe , ; - r Table 10- on °the anhydrate and . Talb'le.^li on .the •. 

" trihydrate. 0 - >-.*•'. - / ■ * 

Relative humidity 90-5% . KN0 3 . 

Relative 0 humidity 75.2% ^— . NaCl^ 
Relative- humidity 59- '4% — N£^N0 3 ' 
.Relative humidity ^6.7% -- r Ca(N0 3 ) 2 ■ * 

* Relative humidity 6.0% silicagel . ° • 



20 
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Table 9 
AT-22 66* sesqui hydra te" 



relative 
hUmidity 


uric udy 


7 days 


<d± days 


Ml days 


90. 5% 


. +1.2% 


+ 1.5 


+ 1. 5 


+1.4 


75.2 


.+1.2 


+1.6 


+1.4 


+1.4 


59. A 


+0.2 


+0.5 


+ 0.-5 


+0.6 


46. 7 


-0. 1 


" -0.1 


-0. 1 


-0.1 


0.0 


-0.2 


• -0.2 


-0.2 


-0.3 



+: increase -: decrease 

Table 10 
Anhydrous AT-2266 



relative 
^ humidity 


one day 


2 days 


5 days 


°12 days 


90. 5% 


+15. 6%* 


+ 15. 6 


+15.6 


+15. 6; 


^ 7 5~: 2 ^ > 


-+8 -. 9 


+ 14.8 


• - +15.5- ' 


« +15.2 o 


'59.4 


+ 4. 4 


+ 11.0 


+ 14 . 2 




46.7 


-0.5 


. -0. 5 ■ 


-0.-6 


-0.4 


.-0.0- . 


'0.0 . 


0 . o ; 


-0.1 


-0.1 



+: increase -: decrease 



Tabl.e 11 
AT-2266- trihydrate 



relative 
humidity z 


2 days 


. 6 'days * 


0 

^4 days 

£ « : 


6 28 ^days 


90. 5% 


0.0%- 


+0.2 


,c+0.2 


o +0.2" 


75.2 


0.0 


- *0.0* 


+ 0. 1 


+ 0.1 


59.4 


-0.1 


-0". 1 


-0.1 


-0. 1 ° 


46.7 . 


-0.2 


-0.3 


-0. 1 " 


-0. 1 


0.0 


-5.0, 


-9-3 


-14.2 


-14., 2 



increase -: decrease 
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As shown abo-ve , the sesquihydrate does' not 
practically absorb nor desorb wafeer in the range from lower 
to .higher humidity. On the other hand, the anhydrate 
evidently absorbs water under high humidity and the tri- 
hydrate 0 releases water under low humidity. 

From the results of thermal analysis and X-ray 
powder diffraction of each compound in the state of 
equilibrium between absorption and release of water the 

.crystalline anhydrate and the crystalline trihydrate are 
convertible into each other, but the sesquihydrate is not 
converted into any. form. It i£ found therefore that the 
sesquihydrate is not so affected. by any c.hange of hu.midity , 
whereas the anhydrate and the trihydrate are affected* . 
significantly. • ■ "' . . 

(A) Dissolution jrate 

The dissolu tion -rate of teach powdered compound was* 
measured, and the results are shown below.. 
Test method; 

The dissolution tests were carried out with 
.powdered samples, equivalent, to 100 mg of the anhydrous 
.AT-2266, in one liter of medium* kept at. 37±2?C with stir- 

c ring by"^<^^ra^.d'd°p^ddie' : (50* rpni)"- v ' At 0 regular intervals , " . 

. "3 ml of/ the° solution "was.... t&k,ftn./V After removal of ' -insol»u,b : l *e ^ 

; .material by 'filtration,.- X : '"raT'/<£.§' f il't ra. tU^ n w^p "diluted with 

5 9 ml of 0.-.1 N hydrochloric acid. ° The' dissolution rate cf 

the materials were calculated from measurement or absorption 
* 1% - " 3* " ' ■ ' 

the solution at 266 nm'with E"^ =1-3 X 10 . . * 

:'< r .*• pH 112 s.olutdpn; The first .fluid defined in the. dis- 

*f . . * " V: .;^. \ 'integration ;tes t. method in .t'he 

- . o . o ' *" ' 'J-apSoese •Pharmacopoeia' (5 th Edition). 

pH 5 solution; The"' solu tion . ad jus ted to pH 5 pre- 

: pared with the first fluid and > the 

second fluid defined in the dis- 

integration test method in the 

Japanese Pharmacopoeia (9th Edition) 
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Preparation me thod of the f irs t and second fluids ; 

First fluid: /Dissolve 2.(Jg of sodium chloride in 

24.0ml of dilute hydrochloric acid and add suffici- 
ent water to mal^e 1000ml. This solution, is trans- 
parent". and colorless and its pH is about 1.2. 

Second fluid: ' Dissolve 35. 8g of disodium hydrogen 
phosphate in 6.0ml of dilute hydrochloric acid and 
add sufficient water to make 1000ml. This -solution 
is transparent "and colorless and its pH is about 7-5. 

Table 12 
Rate of dissolution %n water 





2 min 


5 min 


10 min 


15 min 


30 jnin 


sesquihydrate 


7 2% 


. 99 . 


100 






anhydra te 


1 


8 


10 


15 


27 


trihyd rate 


85 


96 


98 


100 





Table 13 

Rate of dissolution in the pH 5 solution 

■ * * « cv 





2 min 


5 min 


10 min 


15 min 


30 min 


sesquihydrate 


8 5% 


100 






c 

c 


anhydrate 


2 : 


10 


14 


19 


35 


trihyd rate 


85 - 


98 


100 




, — j — 



fable 14 

Rate of dissolution in the pH 1.2 solution 





: 2 min 


5 min 


10 min 


sesquihyd rate 


98% 


99 


100 


anhydrate. 


81 . 


89 


94 


tr ihydrate 


■ 89 


.100 
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The dissolution rate was also measured with the 
tablets prepared by Example A and Reference Example 1 
according to the method described above. The results are 
shown below. b - 

Table 15 . 





2 min 


5 min 


10 min 


15 min 


30 min 


sesquihydrate 
-tablet 


water 




76 


90 






pH 1.2 

solution 


97 ■■ 


,100 * 








: 5 : — 

□ 

anhydrate 
-tablet 


water 




11% 


23 • 


40* 


70 


.pH' 12- 
so-lu tiori 




- 28 . 


.. 50 


68 


100*- 



""■ As shown "in °the above. Table,- t he 'sesquihydrate 

•dissolves more rapidly than the anhydrate- In the form of 
* . tablets -the same Jendency is observed. v * 

v * In addition, the times gf d is in te gration of the 

10 tablets containing" the. sesquihydrate and the anhydrate 
respectively were measured by the disintegration method 
for tablets defined in the Japanese Pharmacopoeia, and 
: from the . result's it is found that th=e former disintegrates 
■. ■ more rapidly than- the' la tter • * 
15.. (5) \- Rate of transference into blood 

The "sesquihydrate v w the trihydrate and the an- 
hydrate in the form of capsules were each orally administer- 
- ed 0 to beagle* dogs. The blood was collected by vein puncture 

at regular intervals after •administration and the drug 
20 concentration in plasma' was measured. - s From : the . res ul t>s 

it is fouoid that the sesquihydrate is ■ transferred -into' blood 
at the same level 1 as*. the trihydrate, but- the s.esquihy drate 
is, much more transferred . in to the blood .tlian the anhydrite. 

The antibacterial, acti vities in vitro and - in vi vo 
25 of the -sesquihydrate are essentially same with those of 
the known AT-22'66. " 
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Doses of the sesauihydra te of this invention may a 
vary with the age, body weight and conditions of "the sub- 
jects, the administration route, the number of administra- 
tions or the like, but is in the range of 1.7 to 120 mg 

a 

per kilogram of body weight per day, preferably 3.5 to 80 
rag per kilogram of body weight per day, for administration 
to man. The- dose may be divided and'adrain istered in two 
to several times per day. The administration route is 
preferably oral. 

The sesquihydrate of the present invention can be 
'administered as it is, but usually in the form of a pharma- 
ceutical preparation with pharmaceutical acceptable carriers 
or adjuvants. Specific examples are tablets; capsules, 
granules, fine granules, powders, etc. These pharmaceutical 
preparations are prepared in accordance, with a customary 
manner. The adjuvants and carriers are those which are 
usually used in the field of pharmaceutical preparation and 
do not react with the compounds of the present invention. 
These adjuvants and carriers are preferably solid and 
exemplified by conventional materials such as starch, 
mannitol, crystalline eel lu lose . ' sodium carboxymethy 1- 
cellulose, or the like. 

*' The pharmaceutical preparation of this invention, 

for example tablets and capsules, may contain about 10' to 
about 700 mg, generally 50 to 500 mg of the sesquihydrate 
of this invention, per tablet or capsule. These amounts 

o 

are not critical, and may be varied according to whether 
the required amount of the sesquihydrate of a this invention 
is administered at a time or . -divided ly . 

The present invention is illustrated by the 
following Examples and Reference Examples. 
Example 1 . 

The anhydrous AT-2266 (18g) was left in a humidi- 
ty oven (70°C, relative humidity 90%) for 20 hours in order 
to transform the crystalline form, and the resulting 
crystals were dried at 70 - 80°C for 'elimination of the 
adhering water to give the AT-2266-sesquihydrate (20g). 
m.p. 220 *- 224°C 
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Elementary Analysis (as C 1 ^H ±7 N^O-jF - 1 . 5H 2 0 ) 

C H . N F 

. Calculated. Value (%} 51 ..37 5-80 16.13 5-47. 
Found Value (%) 51 .88 5-69 16.14 5 - 78 „ 

• 

5 The crystals were identified as the AT-2266-ses- 

quihycdrate from IR spectrum, thermal analysis and X-ray 
powder diffraction. 
Example ' 2 . 

Twenty gram of AT-2266 • sesqu ihydra te was obtained 
10 from 22g°of AT-2266- trihydrate in the same way as Example 1 

* Example 3 . 

About lOg 'of anhydrous AT-22 66 -trlhyd rate was 
'suspended in water ( 50ml ) Kept at 70-°C with stirring. 
To the suspension were seeded about O.lg of °the crystalline 
15 AT-2266- sesquihydrate, followed by stirring for about 

one hour. The resulting crystals were collected by filtra- 
tion .on hea fedng and 'the crystals' were cjried, for. 2 hours for 
elimination of the -adhering water °to give the\ AT-2266 • ses- 
qui.hydrate'. t . - 

'20 Example A . ' . ' - * 

. ■ -.Teti -gnmci of anhyd rous; AT-2266 .was suspended' in', • 
wate r "( 100ml ) and the su spe ns ion .was heated at .30°C with 
stirring and Icept at* 80°C fo r° 20 : minu tes'. The . resul tin g 4 
crystals were collected by. filtration and* dried over" '• 
25 anhydrous calcium, chl.o ride in a desiccator for .one hour 
to give 10. 7g of. the D *AT^2266- sesquihydrate. 

• Example" 5 . * 0 -\ ] V . • 

.About lOg-of anhydrous AT-2266 or trihyd rate * was 
dissolved into 1.5% aqueous sodium hydroxide .(150ml).' • * 
30 The solution was . heated to 70°C and /neutralized with 30% 
acetic acid which was warmed to 70°C previously. The 
precipitate was .collected by filtration and dried at 
70 - 80°C for elimination of the adhering water. to give 
\. ;.:the AT-2266-sesquihydrate. ■ ;•. - . 5 .:" ; 

. 35 Example 6 . ' . ; ' ' . 

AT-2266- trihydrate was sealed in an ampoule.- 
and kept at, 60 to 62°C for. a week. Wet powders, were > 
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dried at 70 to 80°C for elimination of the adhering water 
to give the AT-22 66 • sesqu ihyd ra te . 
Example 7- 

AT-22'66- trihydrate was kept at*121°C in an 
autoclave for an hour. Wet powders were dried at 70' to 80°C 
for elimination of adhering water to give the AT-2266- ses- 
quihydrate. 
Example 8 . 

AT-2266- trihydrate or anhydrate was kept in a 
chamber into which vapor steam (about 110°C) was blown for 
an. hour. Wet powders were dried at 70 to 80°C for elimina- 
tion of adhering water to give the AT-2266- sesqu ihydrate . 
Example 9 « 

About lOg of AT-2266- hydrochloride was dissolved 
to hot water (about 70°C) and the solution was neutralized 
with 15% aqueous solution of sodium hydroxide which was 
warThed to 70°C previously. The precipitate was collected by 
filtration and dried at 70 to 80°C for elimination of 
adhering water to give the AT-2266 • sesqu ihydra te . 
Example 10 . . . 

AT-2266-anhydrate (20g: 60.8m moles) and water 
(1.7g: 94.4 m moles) were sealed in an ampoule and kept 
at 70°C- for 24 hours to give the' AT-2266 * sesquihydrate . 

Example : 11 . z , ' c * 

. . ; AT-2266- trihydrate was left in a humility oven 

(70°C, relative humidity 30%) for 4 weeks in order to 
transform/ the crystalline form, and the resulting crystals 
were dried apt 70 - 80°C for. elimination of the adhering ■? 
water to give the AT-^2266 • sesqu ihydra te . 1 
Examp.le 1 2. 

.AT-2266 -trihydrate was sealed in an ampoule and 
kept at 160°C for an hour. Wet powders were dried at 70 to 
80°C for elimination of the adhering water to give the 
AT-22 66- sesquihydrate. 
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Example A . 

The AT-2266-sesquihydrate (217g), com starch 
(108g) , calcium carboxymethy lcellulose ^10g)-and hydroxy-' 
propylcellulose (5g) were kneaded together with water. 
5 The mixture .was dried at 60°C and screened. The granules 
were further mixed with magnesium stearate (7g) and light 
anhydrous silicic-acid (3g) to give granules for tableting. 
The granules were compressed into tablets each having a 
weight of l?5mg and containing 108. 5mg of* AT-22 66- sesqui- 
10 hydrate. 

hardness: 11kg 

disintegration times: .1 min (water) 
' - 2 rain (1st fluid) 

Example B . * * - ' ° 

15 AT-2266-sesquihydrate (217g), lactose (88g), 

* corn starch (88g) and magnesium, stearate '( 7g). were mixed 
£o give/powders'. The t powders, wece. filled up. into capsules ' 
(No. 3):to give capsules each -con tainin g; 200mg, of- 
/ - AT-2'2 66- sesqujL'frydrate. / ' * . • -.^ttO--- ■ * 

?0 *• . " ^disintegration ^ rime : - 10 ipin (v/ater) ' 
, . • , Exampl e> C . '""*'■.'. ° " 

In a pony "mixer, AT-2^^TOSquin.y§ rate il.OT,g'L " v 
lactose (400g), corn starch ( A'62g) an ; d"hydroxy propyl^ 
cellulose (30g) were kneaded toge the 'r'-wit-n water. The r 
25- mixture was-. formed into granules using -ECK pelleter with 
- f -screen diameter 0 ,.4 5mm (Fuji Powdal). ■ Af.t'e/ drying at 
. • 60°C t e he granules were screened with* a twin rotor, to give 
- fjTne granules containing the AT-22.66 * sesqu ihyd ra te . 
Example D . , . * , 

.30 'By 'coating* tablets prepared by Exairmle A with\ 

» ■ 

■ hydroxypro'pylcellulose,. there were obtained film-coated 
tablets containing the- A.T-22 66 -.sesqu ihyd rate . 
Reference -Example l -.-° • . - ' , 0 . " 

' ° The anhydrous" AT-2266 - (.200g) , corn starch (130g), 

35 calcium carboxymethylcellulose (lOg) were kneaded together 
with water. After drying in air-flu idized bed. at 60°C 
the mixture was screened. To the 'granules were added'. 
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magnesium stearate (7g), light anhydrous silicic acid (3g) 
to give granules. The granules were compressed into 
tablets each weighing 175mg containing lOOmg of anhydrous 
AT-2266. 

" hardness: 11.2 kg 
d isintegratioh times: 30 ruin (water) 

20. min (1st fluid) 

Reference Example 2 . 

2 , 6-Dichloro-3-ni tropyridine was' reacted with 
N-ethoxycarbonylpiperazine to give 6-chl oro-2- ( 4-ethoxy- 
carbomyl-l-piperazinyl)^3-nitropyridine. The product, 
'without purification, was heated with ethanolic ammonia 
in an autoclave at 120 - 125°C to give 6-amino-2- ( 4- 
ethoxycarbonyi-l-piperaziny 1 )-3-ni tropyridine (tnp ^32 - 
134°C) , which was treated with acetic anhydride in acetic 
acid to give 6-acetylaminc — 2 — ( 4-e thoxycarbonyl-l-pipera- 
zinyl ) -3-ni tropyridine (mp 168 - 169°C) . This compound was 
cataly tical ly hydrogenated in the presence of -5% palladium- 
carbon in acetic acid to yield 3-a.mino-6-acetylamino-2- ( 4- 
ethoxycarbonyl-l-piperazinyl ). pyridine . The. obtained 
3-amino derivative, without further purification, was 
dissolved, in a mixture of'ethanol and 42% te tra f luo r.oboric 
acid, and to this solution was added a solution of isoamyl 
nitrite in ethanol at below 0°C with stirring. Twenty 
minutes later, ether was added to the solution. The 
resulting precipitate . was collected by filtration and 
washed with a mixture of methanol and ether-and then with 

5 0 

chloroform to yield 6-acetylamino-2- ( 4-ethoxyca rbonyl-1- 
piperazinyl ) -3-py ridine diazonium tetraf luorobora te : 
mp 117 - 117. 5°C (dec.). 

A- suspension of ' the diazon ium" sa It in toluene 
was ' gradually " heated and kept at 120°C (bath temp.) for 
30 minutes 'with stirring. After evaporation of the solvent 
under reduced pressure, . the residue was made into alkaline 
with 10% sodium carbonate and then extracted with chloro- 
form. The chloroform extract was dried over anhydrous 
potassium carbonate. After evaporation of the solvent, 
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the crystalline residue was recry s tali i zed from ethyl 
acetate to give 6-a ce tylamino-2 - ( 4 -e thoxyca rbonyl -1- 
piperazinyl ) -3-fluoropy rid in e ( mp 132 - 133°C) . 

The 3-fluoro derivative was hydrolyzed with a 
mixture of 15% hydrochloric acid and methanol (1:2 v/v) ' 
to x give 6-aminq-2-(A-ethoxycarbonyl-l-pi P era2inyl)--3- 
fluoropyridine. . This compoun-d was treated with diethyl 
ethoxymethylenemalonate at 130 - a4Q°C to give diethyl • ' 

N-C2-(A-ethoxycarbo*nyl-l*-piperazihyl)-3-fluoro-o- - ' 
pyridiriyl) aininomethy len emalonate (mp 144 - 145°C) and 
then the product was cyclized by heating at 255°C to give 
ethyl. 7-( ^ethoxycarbonyl-l-piperazinyl ) -6-f luoro-1 , A- 
dihydro-4-oxo-l,8-naphthyridine-3-carboxylate ( mp 279 - 



281°C) 



.The carbo o xylate (l.Og) was suspended in dimethyl! 

formamide (.10ml) and to the suspension's added potassium 

carbonate (0.53g). After the mix tuVe "was. kept at 60°C 

for 10 minutes .with stirring, .ethyl iodide (1.2g>. was.. added 

to. the solution. The mixture was stirred for 2 hours at 

60 - 70 C, The reaction mixture; was concentrated * to a 

dryn.e.ss under reduced- pressure,' and water 'was -added to the 

: residue. After extraction* wi th." chloroform, the chJ.oYo fo rm : 

extract was dried ' over , anhydrous potassium -carbonate . ' 

After removal of t^e"" chloroform by distillation under 

reduced- pressure, the resulting precipitate. -was recrystal- 

liared toa' mixture' of dichlorom ethane -and. n-hexane to ° * 

give a.8-9g of "ethyl l.ethy 1^6-.fluo'ro-.l , 4-dihydro-4-oxo-7- 

(4-ethoxycarbonyl r llpi P erazinyl)-l l 8-naphthyridine^3- 
cfarboxylate 0 (mp" .171; - 173°p). " * -f.. . . 

-. & J - A-'mix-tur^. of the above ethyl ester ( 0 .8g) : 1Q% • 
sodium hydroxide ( 6mlV and e thanol ( 2ml )• was .ref lu xed by 
heating for 3'hours. A f te r cooling, the solution was, - 
adjusted to pH 7.0 - 7.5 wUh-10% acetic acid. The' 
precipitate was collected '.by .filtration, washed with ethanol 
recrystallized from a mixture o f d im ethyl formamide and 
ethanol and^ dried at 1I0°C to give the anhydrous AT-2266 
(1 -ethyl-6-fluoro-l,A^ . 
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naphthyridine-3-carboxylic acid), mp 220^- 224. C. 
Elementary analysis (as C 1 yw\0 3 F ) : 

C H M F 

Calculated ' Value <%): 56,24 5.35 .17-49 5.93 
5 Found Value (%): 56.06 5.32 hi • 62 5-93 ' ^ 

The. crystals were identified as the. anhydrous 
AT-2266 from IR spectrum, thermal analysis and X-ray 
powder diffraction. 

Reference Example '3 . - ' ' 

10 -' The anhydrous AT-2266 prepared by Reference 

Example 2 was suspended in water and the suspension was- 0 
stirred at room temperature. The resulting crystals were 
collected by filtration and dried at 35°C for elimination 
* of the adhering water to give .the AT-22 66 - tr ihy.d rate , ^ - 

15 mp 220 - 224°q. 

Elementary analysis, (as C^H^N^C^F * 3H 2 0 ) : 

C H N F 

Calculated" Value (%):' 43.12 6.19 3A-97 5.08 
Found Value (%): 48.09 6.04 14.95 5-36 

20'- , . The crystals were identified as the AT-2266- tri- 

hydrate from IR spectrin, thermalar.alysis and X-ray 
.powder diffraction. 
Reference Example 4 
' ' • 0 The anhydrous AT-2266 prepared by Reference 

25 Example-- 2~oxv the AT-22 6 6 - trihydra te prepared by Reference^ 
-.•Example 3 was dissolved in- 5% hyd rochlo^ic acid and the ° 
solution was concentrated to' d ryn ess under* reduced pressure. 
The residue was recrystallized from water to give the 
AT-2266-hydrochloride, mp above 300°C (dec). 

30 Reference Example 5 . 

The anhydrous AT-2266 prepared by Reference 

Example 2 or the AT-2266- trihydrate prepared £y Reference 

Example 3 was dissolved in 7% met.hanesul f onic acid solution. 

on heating. After cooling, the precipitate was recrystal- 
35 lized from diluted methanol to give a me than esul f onic acid 

salt of the AT-2266, mp . above 300°C (aec). 
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WHAT WE CLAIM IS ; 

1* x l^Ethyl^6-f luoro^l , 4^ihydro^4^oxo^-7-^ (l^- 

piperazinylj-l^-naphthyridtoe^.-carboxylic acid .sesqui- 
hydrate. * . * 

2 • - , A process for the preparation of l-ethyl-6^ 

5 f luoro-1, 4-dihydro-4-bxo-7- (1-piperazinyl) -1, 8-naphthyri- 
• dine-3.-c'arboxylic-aci*d sesquihydrate which comprises- 

heating l-ethyl-6-f luoro-1, 4-dihyHro-4-oxo-7-(l-piperazin- 
yl)-l,8-naphthyridine-3-carboxyl£c acid at a temperature 
above about 60°C in the presence of water, in an amount " 
^ lO enough to form the sesquihydrate. 
■ *_ 3. A process according to claim 2 which comprises 

heating l-ethyl-6- f luoro-1 , 4-dihydro-4-oxo- a 7- (1-piperazi- 
nyl) -1,8 naphthyridine-3-carboxylic acid trihydrate at a 
temperature above- about 60°C in- a sealed vessel -in the 
15 absence of* water. o Q ' 

; 4 v A', process according, to claim* 2 which comprises 

" 1 ■ ' .heating l^e.thyla6-f^uororl , 4-difiydro-4-oxo-7- (1-piperazi- 
riyl) l,8-naphthyridine-3-carboxylic acio. trihydrate at a 
o .. ; temperature above about 60°C in, the presence of water. 

2Q 5 . . ^ A process according to claim 2. which comprises 

heating- l^-ethyl-6-f luoro-1 , 4-dihydro-4-oxo-7- (1-piperazi- 
° nyl) -l,.8-naphthyridine-3-carboxylic. acid anhydrate' at ;a 
temperature above about, .60' 0 C ih^ the presence of ;w£ter 
- . ■ in .an amount enough to form tF^e - sesquihydrate . 
.25 6. .A process according, to claim 2 which comprises 

heating anhydrate and/or trihydrate of l-ethyr-6-f luoro- 
l,.4-drhydro-4-oxo-7- ( 1-piperazinyl) -1 , 8-naphthyridine-3- 
carboxylic acid at a temperature 0 above about 60°C and a 
j relative humi.dity above 30 % . 

; 30 7. A process according to claim 6 which is carried 

: out under . the relative humidity above 8b % . 

8. A process according to claim 2 which comprises 

suspending anhydrate and/or trihydrate of l-ethyl-6-f luoro- 
1, 4-dihydro-4-oxo-7- ( 1-piperazinyl) -1 , 6-naphthyridine-3-* 
35 carboxylic acid °in water and heating the .suspension at a 
■temperature above about 60°C. 



■* -. o 

i: 
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9. A process according to clai.m 2 which comprises 
dissolving' anhydrite and/or trihydrate of l-ethyl-6* 

f luoro-1 , 4-dihydro-4-oxo-r7^ (1-piperazrnyl) ^1 , 8^naphthyri~ 
dine- 3- carboxylic acid in an aqueous alkaline solution 
5 or aqueous acidic solution, and neutralizing* the solution 
by addition of an acid or alkali, and keeping it at a 
temperature above about 60°C. ° 

10. A process according to claim' 2 which comprises ; 
dissolving a salt of l-ethyl-6-f luoro~l, 4-dihydro-4-oxo- 

10 7-(i-piperazinyl)-l,8-naphthyridine-3-carboxylic acid 

in water, and neutralizing -the solution by addition of " 
an. acid or alk°ali , and keeping it at* a temperature above 
about 60°C. ■ ■ " 

11. a process according to claims2 to 7 wherein the 
15 heating temperature is from above about 60°C to about 

160°C. - ■ 

12. A process according to. claims 2 to 7 wherein 
the heating temperature is from 61°C to about 130°C^ 

13. A process according to claims 2 to 10. wherein 
20 the heating' temperature is from about 70 to about lOO^C. 

14. . „ a process according to claims 2,4,5,6 or 1 ^ 
which is carried out under pressure. 

0 15, ^ A process according to claim 14 wherein heating 

temperature .is from 100°C to .about 160°C. 
* 25 16. Use of the .sesquihyd rate as^ defined in claim 1 

as an antibacterial agent. 

17, a pharmaceutical composition comprising as an 

active ingredient an antibacterial agent as defined in 
claim 16, mixed with a non-toxic pharmaceutical ly 

30 acceptable adjuvant or carrier. 

18 m A process for preparing a pharmaceutical 

composition as defined in claim 17, which comprised 
mixing the s.esquihydrate as defined in c£aim 16 with a 
non-toxic pharmaceutical ly acceptable adjuvant at a 

35 temperature below about 90°C. 
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SOLUBILITY CURVES 
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Fig. 2 IR SPECTRUM OF SESQUIHYDRATE 
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Fig. 5 

THERMAL ANALYSIS OF SESQUI HYDRATE 
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